Introduction
Crimean-Congo haemorrhagic fever (CCHF) is one of the most widespread tibovirus associated diseases, with human cases occurring in Africa, Asia, Eastern Europe and the Middle East (EFSA, 2010) . It is considered "emerging" at a global scale (Messina et al., 2015) and evidence of this is that CCHF autochthonous human cases were recently reported for the first time in September 2016 , in Western Europe (ECDC, 2016 , several thousand kilometres westward respect to the nearest endemic areas. CCHF is caused by a virus (CCHFV) of the Orthonairovirus genus, family Bunyaviridae, which is transmitted by several tick species of the Ixodidae family, especially those of the Hyalomma genus (Horak et al., 2001) . Hyalomma spp. are two-host ticks, moulting from larva to nymphs while attached to their first host, a small mammal or a ground dwelling bird (Randolph and Rogers, 2007) . The ticks can remain attached to the primary host for a maximum of 26 days, which in the case of migratory birds, allows them to be transported even over long distances (Hillyard, 1996) that is a welldocumented occurrence in many European countries (Molin et al., 2011; Jameson et al., 2012; Mancini et al., 2013) . The species Hyalomma marginatum is considered in Europe as the most relevant CCHFV vector (Hoogstraal, 1979) and infection in tick populations is maintained by both trans-stadial and trans-ovarial transmission. Humans are infected either through tick bites or due to direct contact with infected blood of a mammalian host (Gale et al., 2011) .
CCHFV antibodies were detected in many wild and domestic animals, such as European hare (Lepus europaeus), house mouse (Mus musculus), cow, goat, sheep, donkey, horse, and pig (Nalca and Whitehouse, 2007) . Although CCHF in livestock is generally subclinical, domestic ruminants may become reservoirs because of virus transmission from feeding adult ticks in rural environments which poses a high human health risk due to possible direct transmission (Ozkul, 2009; Gale et al., 2010) . Despite this, they can act as sentinels for the arrival and/or circulation of CCHFV especially in non-endemic areas (EFSA, 2010) . In fact, by the time CCHF human cases are diagnosed, this would represent the tip of an iceberg with underlying ongoing enzootic cycles that more or less involve different mammal host species, as stated by Randolph and Ergonul (2008) .
CCHFV can spread over long distances and potentially be introduced in new areas, transported by vectors attached to migratory birds flying thousands of kilometres during their spring migration from current endemic areas such as in those south of the Sahara, Greece and Turkey (Karti et al., 2004; Papa et al., 2008) . Several bird species breeding during summer in Europe fly back in autumn south of Sahara. It is estimated that 2.1 billion song and near-passerine birds arrive each spring in Europe (Hahn et al., 2009 ). On these bases, the risk of CCHFV introduction by this route is considered possible for many countries of Western Europe (Gale et al., 2010) in which naïve populations of the vector are already present (Mild et al., 2010) . In view of this, several European countries are in constant alert of the possible arrival of CCHFV, albeit many authors in the last years have downsized the effective CCHFV risk introduction via migratory birds carrying infected ticks (EFSA, 2010; Gale et al., 2010 Gale et al., , 2011 Estrada-Peña et al., 2011) . In most parts of Europe, where H. marginatum is permanently resident, spring temperatures are not sufficiently high for nymphs arriving on migratory birds to moult into adults (Gray et al., 2009 ). Moreover, Gale et al. (2011) defined that the probability of arrival in Europe of an infected nymph on a migratory bird is 10 −4
, even if the author does not relate this data to a time interval. Therefore, every spring the probability of an infected nymph arriving on a bird is very low i.e., 1:10000. Nevertheless, introduction of CCHFV infected ticks from Africa through this route was considered the possible explanation of virus recovery in Turkey in 2002 (Leblebicioglu et al., 2014) and in Spain in (Estrada-Peña et al., 2012 ECDC, 2016) . Moreover, due to the continuing climatic changes occurring even in the Mediterranean, this region could become permissive for bird transported infected nymphs of the genus Hyalomma, to moult on arrival into adults (Gray et al., 2009 ) which would then potentially infect their mammal hosts with CCHFV.
Adult ticks carried on imported livestock (Jameson and Medlock, 2009 ) could represent another introductory route of CCHFV into European states; as a matter of fact, thousands of meat horses are annually imported from Eastern Europe to Italy.
In this scenario, an innovative approach was adopted to monitor CCHFV introduction and circulation in Italy, targeting two epidemiological phases of the virus: 1) introduction: monitored by tick sampling on migratory birds to evaluate the arrival of potential CCHFV vectors in Italy from endemic areas of Africa and Eastern Europe. This would provide data on the relative prevalence of Hyalomma spp. on migratory birds arriving from endemic areas, considered a prerequisite for assessing the probability of infected ticks entering a country (Gale et al., 2010) , as strongly advised by Jameson et al. (2012) for areas with resident Hyalomma populations; 2) circulation: monitored by a serological survey conducted on sheep flocks aimed at detecting CCHFV circulation in coastal areas of Latium and Tuscany, regions of Central Italy, where migratory birds stop over and where the tick vector is present. Indeed, the serological CCHFV monitoring of susceptible animal populations is considered as a valid indicator for the spread of the virus in a territory (Schuster et al., 2016) .
Materials and methods

Tick sampling on migratory birds
Tick sampling was conducted between March 20th to May 20th of 2013 and 2014 during the spring migration of birds arriving from Africa, which were captured by professional ornithologists for regular ringing activities. Regardless of the captured species, the birds were checked for the presence of ticks. The capturing sites are represented in Fig. 1 and were the following: Castelporziano (natural area 20 km south of Rome), Pianosa island (Central Tuscany), Ponza and Zannone islands (Southern Latium) and Asinara island (Sardinia) in 2013 and again Castelporziano, Ponza and Zannone, Pianosa, Asinara and Ustica island (Sicily), Gianola (coastal site in southern Latium) and Capri island (Naples) in 2014. Data regarding all bird species winter ranges are available (Spina and Volponi, 2008a,b; BirdLife's Global Species Programme, 2015) .
During tick removal, the ornithologists wore individual protective clothing to minimize the risk of exposure to infectious agents that birds and their parasites could be harbouring.
On collection, ticks were preserved in 70% ethanol and transferred to the laboratory for their identification, performed according to Manilla (1998) and Iori et al. (2005) . Relative to the Hyalomma genus, regarded as the most relevant vector for CCHF transmission, only a generic identification was possible as it is difficult to classify accurately the nymphs at the species level.
Serological survey 2.2.1. Study area, study population and sampling method
The serosurvey in sheep was set up in the coastal provinces of Latium and Tuscany regions (Central Italy). This was possible because the sheep blood samples collected from these two Italian Regions, within a national program for the control and eradication of brucellosis, are examined at the regional state laboratory where the authors operate. The data on the sheep population of the study area were extrapolated from those reported in June 2013 on the National Data Base (BDN) for livestock registration, defining a study population of 487,000 The dotted grey areas represent the provinces in which sheep were sampled (GR = Grosseto; LT = Latina; RM = Rome; VT = Viterbo). Grey diamonds indicate the ticks sampling sites (Castelporziano and Gianola are on the mainland, the remaining are islands). Localisation of the sampling area within Italy is displayed in the central box.
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free-ranging sheep of 1153 farms having at least 100 individuals. The sampled sheep were clinically healthy lactating animals with at least two years of likely exposure in stop over areas of birds flying in spring from Africa to Central and Northern Europe. The study population was considered as homogeneous for risk of infection all over the study area as they were all free-ranging flocks with similar managing conditions. As the study aim was to reveal the presence of at least one CCHFV ELISA seropositive animal in the study population, the sample size was empirically determined for the detection of infection assuming an expected minimum CCHFV seroprevalence of 1%, with a 95% probability and 100% sensitivity and specificity of the ELISA employed. These parameters were defined in view of the absence of reports about CCHFV circulation in Italy. Given these assumptions, if at least 300 animals from a population of 487.000 sheep were sampled and all were seronegative, the predicted probability that the population is infected at a prevalence of 1% is 0.05.
A simple random sampling method was adopted with the selection of the sera from the list referring to those stored during the 2013 National Brucellosis Eradication Program.
Serological assay
The serological survey was carried out adapting an indirect human ELISA to sheep (Dowall et al., 2012) . The assay employs a recombinant nucleoprotein (rNP) as antigen and an anti-sheep IgG monoclonal antibody (Mab), conjugated with horseradish peroxidase (HRP) (SigmaAldrich ® ) as detector. The rNP expressed in Baculovirus is made up of 482 amino acids and is coded by the S gene of CCHFV (Dowall et al., 2012) .
Circus aeroginosus
As the assay employed was modified from the one described in literature, a standardisation phase was conducted to define cut-off values to adopt for sheep sera, taking into account a diagnostic specificity (DSp) of 95%, with confidence level of 95% and a standard error of 0.05 (Jacobson, 1998) . For this, 73 sera, presumably negative because collected from sheep where Hyalomma spp. are absent, were pooled and the optical densities (OD) of thirty replicates of this material were obtained to calculate the standard deviation of the method (SDm). The cut-off level of the assay was set as the sum of the average of the negative control (pool of sheep sera collected from Hyalomma spp. free areas), included in each run as a double replicate and two SDm. Two replicates of a 1/100 dilution of each sample was examined and the sample was defined as positive if its mean OD was equal or greater than the cut-off value.
The internal controls included in each run were a blank control, where only the rNP and the assay solution were distributed; a positive control represented by a CCHFV Mab; and a negative control prepared as described previously. In detail, immunoplates (Maxisorp, Nunc ® )
were coated with 100 μl/well of two μg/mL of rNP diluted in carbonatebicarbonate buffer and incubated overnight at 2-8°C. Unbound antigen was removed by washing three times with 300 μl/well of phosphate buffered saline (PBS) containing 0.05% Tween-20 (MP Biomedical ® ).
Each well was then saturated with 200 μl of blocking buffer, consisting of PBS containing 10% skimmed milk powder and 0.05% Tween-20 (BioRad ® ). Plates were incubated for two hours at room temperature and then washed as already described. Serum samples were diluted 1/100 in blocking buffer and examined as double replicates. After a two-hour incubation at room temperature, another washing cycle was performed and 100 μl of a HRP-Mab, used at the dilution recommended by the manufacturer, was added to each well. Following a one-hour incubation at room temperature, unbound antibody was removed by a washing step. A volume of 100 μl/well of 2.2′-azino-di[3-ethylbenzthiazoline sulfonate] (ABTS) substrate (SigmaAldrich ® ) was then added and the plates were incubated at room temperature for a further 25 min. The colorimetric reaction was stopped by the adding the ABTS stop solution, containing 1% sodium dodecyl sulphate (Applichem ® ). The sample OD was read at 450 nm, using a microplate spectrophotometer (Multiskan EX, Thermo Fisher Scientific, Waltham, MA).
Results
Tick sampling on migratory birds
During the study period, 50,325 birds belonging to 96 species (74 Passerines and 22 non-Passerines) were checked for the presence of ticks at the ringing stations. Overall, 282 ticks were collected from 139 migratory birds; among these, 228 (80.8%) belonged to the genus Hyalomma. Other genera/species detected were: Haemaphysalis spp., Haemaphysalis punctata, Ixodes spp., Ixodes ricinus and Ixodes frontalis. Considering the total number of birds checked over the two years, 0.28% of these were found infested with ticks and 0.22% with Hyalomma genus.
As expected, the majority of the ticks of this genus were nymphs (98%) with the exception of five adult specimens, all identified as H. marginatum marginatum.
Ticks of the genus Hyalomma were found on 22 migratory bird species (Table 1) . The percentage of Hyalomma spp. infestation in birds varied from 0.15% (Sylvia borin and Ficedula hypoleuca) to 4.75% (Cuculus canorus). Regarding tick burden, maximum number of Hyalomma spp. found on a single host (a Motacilla flava and a Sylvia communis) was 8 and 103/139 birds (74.1%) harboured just one tick, with a 1.6 mean number of Hyalomma spp. per infested bird.
Serological survey
The number of sheep sera analysed were 540 and were collected within the following provinces: Grosseto, Rome and Latina and Montalto di Castro, the target coastal municipality in the province of Viterbo (Fig. 1) . All sera resulted ELISA negative.
Discussion
To the best of our knowledge, this is the first serosurvey conducted in Italy for CCHFV. Sheep are known to seroconvert to CCHFV (Hassanein et al., 2004; Nalca and Whitehouse, 2007) and are consequently considered suitable sentinels for monitoring and detecting virus introduction/circulation foci in new and non-endemic areas (Mostafavi et al., 2012; Schuster et al., 2016 ). In Central Italy, H. marginatum is endemic and the target population of sheep selected for this study were from flocks grazing in warm and dry coastal areas, where, theoretically, ticks arriving on migratory birds could survive, moult to adults and seek a blood meal. The method employed appears to be a valid screening test for its simplicity and safety and because it does not require particular biosafety measures. As the NP variability is lower than 4%, the assay is expected to be sensitive and to detect the majority of CCHFV strains circulating globally; nevertheless, further validation should be performed to better assess its diagnostic characteristics. Given that the present results indicate that in the study area CCHFV is below the detection limit of the survey, this suggests that the virus has not recently arrived in the region or, even if introduced in ticks, transmission to autochthonous vertebrate hosts did not occur (Gray et al., 2009) .
The aim of our survey was to perform the first Italian retrospective screening of a possible CCHFV circulation in the entire coastal sheep population of Latium and Tuscany. The random sampling design adopted was practical because it used sera routinely collected under another disease surveillance schemes. It should be a suitable approach if the assumption of random spread of the virus among extensively grazed sheep is valid. In such a situation, there wouldn't be significant spatial or even flock-level clustering of virus circulation. Given this assumption, and having tested 540 randomly selected sheep, we are 95% confident that the sample would be able to detect the presence of infection prevalence above 0.6%.
For these purposes, tick vector spatial distribution is also crucial to focus the sampling activities in the areas at major risk of virus spread.
Tick survey on birds was carried out during the spring migration, when 2.1 billion songbirds and near-passerine birds enter Europe, from Central and Southern Africa (Hahn et al., 2009 ) after crossing or wintering in areas where CCHFV is endemic. Similar to what was reported by previous surveys (Molin et al., 2011; Mancini et al., 2013) , the majority of ticks detected were immature stages of the genus Hyalomma; the only exception to these findings are the results of Jameson et al. (2012) obtained in the United Kingdom, where only 21% of recovered ticks were Hyalomma spp. Both in Capri, Italy (Molin et al., 2011) and in the UK (Jameson et al., 2012) , the percentage of birds found infested with at least one tick was much higher (5.45% and 2.7% respectively) compared to the 0.28% reported in the present study. However, both studies were carried out in single ringing sites, while in our study, 13 different sites (5 sites in 2013 and 8 sites in 2014), distributed over a large area of Italy, were controlled and the total number of birds checked (50,325 over two sampling seasons in the present study) was much higher when compared to the previous studies: 7453 in Capri (Molin et al., 2011) and less than 1000 in UK (Jameson et al., 2012) . This huge sampling volume allows a more realistic estimation of the number of birds infested with ticks arriving in Italy during the spring migration even if according to the ornithologists' personal observations, an unusual low number of ticks on migrating birds characterized the two sampling seasons.
In the present study, twenty-two bird species were found harbouring Hyalomma spp. ticks, similar to what reported by Mancini et al. (2013) , who found 17 species infested with Hyalomma spp. which differed from the findings in UK (Jameson et al., 2012) where only 4 infested species were found. Regarding tick burden, infested birds generally harboured a mean ranging from 1.2 (Jameson et al., 2012) to 3.3 (Mancini et al., 2013) . All of the species found infested by Hyalomma spp. were transaharian migrants, which pass over areas where CCHFV is endemic during their spring migration. Of all the bird species identified in this study, 45.8% regularly fly over CCHFV endemic areas of Africa (Spina and Volponi, 2008a,b; BirdLife's Global Species Programme, 2015) . Data recovery of the single birds ringed in Italy confirm that many species found harbouring Hyalomma ticks pass through countries endemic for CCHFV; among these are the Sylvia borin specimens recovered in Mali and Egypt, Hippolapis icterina in Egypt and Democratic Republic of Congo and Phylloscopus trochilus in Democratic Republic of Congo and Tanzania (Spina and Volponi, 2008b) .
Different percentages of infestation were found on the various species (from 0.15% to 4.75%) suggesting that some birds are more prone to being infested by Hyalomma spp. ticks, probably because of different ecological habits during spring migration (e.g. some species may spend more time on the ground or in bushes, where Hyalomma spp. larvae are able to infest the host). Another possible explanation could be that transaharian birds adopt different migration strategies where, even if crossing areas where Hyalomma spp. are present, not all species necessarily stop or stop for enough time to become infested (Lemke et al., 2013; Pilastro et al., 1998) .
Conclusions
Due to its public health impact, CCHFV epidemiology should be investigated in detail and its potential spread constantly monitored. The exclusive detection of the viral nucleic acid in ticks arriving on migratory birds would not prove their ability to introduce the virus in new areas (Gray et al., 2009 ). The additional adoption of a serological survey in sheep was aimed at resolving this issue; seropositive animals would confirm that the virus was introduced and was able to circulate. The proposed serosurveillance system conducted on samples that are collected for other purposes could represent a valid and relatively cheap method that can be used as an indicator of viral circulation over an extensive area.
